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~ ~ r i f ~ ~ ~ t i ~ n  of STO erica1 Results for th 
Design of the 1CDF 

the User’s Guide 

have this c a p a ~ ~ ~ ~ t y .  

model or modelers, 

ticd solution c o n ~ i n s  

i d l y  because steady state 

The 1-129 fate and transport v e ~ ~ c a t i o n  s ~ ~ u ~ ~ ~ ~ n ~  were 
with a t w o ~ o ~ a ~ ~ e n t  source term model as d e s c ~ ~  in Secti 

1 is that c ~ ~ ~ n a n ~  
nto the clay layer, and 

clay layer to the unsaturat~ zone. This t w ~ - c o m ~ ~ ~ n t  model was created in ~ € c r ~ o ~  ExceI and 
the resulting flux i ~ p o ~ e d  into ~ ~ S C ~ E ~  as a user defined discrete source release function to the 
unsaturated zone. This allows the modelers to account for transport through a clay layer with a different 
Kd value and different hydraulic c ~ ~ ~ t e ~ s t i c s  than the waste or the interbeds, ~ ~ S C ~ E ~ ’ s  built in 
source tern is limited to a waste volume and singfe u n s a t ~ a t ~  layer. 
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2 

rce Term Model 

generate a source tern for 

the ~ ~ u r a t ~  zone. The 
N built in soil source model is 

basic ~ u a ~ o n ~  and s 

Figure A-4 is a se 
1. The fol~owing system of ordinary ~ u ~ t i o ~ s  descri 
1. 

ic of the c o n c e ~ u ~  tern l ~ ~ i n g  
source term leachin 

are ~ l c u l a ~ ~  by solv the follow~ng s y s t e ~  of or din^ ~ifferential e q ~ t i o ~ s ~  

dQ, = --(IC, f Ad )Q, 
dt 

&, ( t= f ) )=Q 

re, 
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P = i n ~ ~ ~ a t i o n  rate ( d y )  

rC, = soil to water c ~ a ~ n t  2 
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f i  = soil asity in eo 
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between the two 
through the vadose s i ~ u ~ a € e s  s ~ a ~ ~ ~ y  variable 

nes a fixed moisture conten 

2. S T O ~ ~ s  initial soil ~ o ~ ~ t ~  condi~~ons are bas 
ef€ects of changes in the ~ o ~ s t u ~ e  content early 
G ~ S ~ ~ .  
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Evaluation of Design Concentrations as Compared to the 
Remedial Action Objectives 



E v a l ~ a ~ i o ~  of Design Conce s Compa 
Remedial Action Objectives 

8.1 P U ~ P ~ ~ €  

ix is to provide an e 

The design ~ n v ~ n ~ ~  and ~ ~ ~ a t e d  site- 
CERCLA Disposal ign ~ v ~ n t o ~ ’ ’  (E€) 

in rhis e v a l u a t i ~ ~  The ~ ~ ~ n t o ~  will be cons 
RAOs and detennin 

8.2.2 Remedial Action Objective 

The RAO provides the basis for calculating the r ~ u ~ ~  concen~ati criteria. The RAO 
ific to the ICDF is d ia the OU 3-1 

~ ~ ~ ~ i n ~ a i n  caps ~ ~ u c e d  over c o n t ~ ~ . ~ ~ d  soil or debris meas that are c ~ ~ t a i ~ ~ d  in place 

w ~ ~ c ~  ~o~~ ~ ~ ~ u l ~  in @ ~ c e ~ ~ i  

This RAO provides the basis for de 

0 

0 Tdal n o n ~ ~ ~ ~ n ~ ~ e n i c  index <HI) in ~oundwater of 1 

~ ~ ~ ~ a t i v e  excess lifetime carcino ic risk (ELCR) in ~ o ~ d ~ a t e r  of IE 

the ~i~~ c o n t ~ n ~ ~  levels ~ C L s )  in ~ o ~ d w a t e r  (e.g., individud c o n s t i t ~ n ~ ,  
total alpha of 15 pCfi). 

8.2.3 Background Concentrations 

and ~ ~ i o n u c l i d e  Co~centrati ilzeering ~ ~ r u ~ o ~  {INEElL 1994). For the 
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Half Life 

in years is re 

Tables 

~ e t ~ ~ n a t i ~  of V 

( ~ 0 ~ ~ ~  et al. 1991). 

Chemicals ( V e r s c ~ ~ e r ~ ~  2001). 

€3.3 ~ E T ~ O D O L O ~ Y  AND I P L E ~ E ~ T ~ T I O N  

.3.1 Evaluat 



e 

Y 

T 

y =  In 21t 

In 2 0.693 1 
t 

(units - years) 

travel times through the vadose zone. 



~ r a c t i o n ~  
S 

0.9 
s 2  

v 0.73 1 



If wei 2 91.120 

B.3.3 Constitu 

€3.3.4.1. C u m u ~ ~ ~ w ~  Excess Lifetime ~ ~ r c ~ n ~ ~ e ~ ~ c  Risk 

versus time fr) is calcul 
nie risk. 

b a c ~ ~ o u n d  are not included in this e v ~ l u a t i ~ .  
on equation (B-5). 

RRrfK in ~ o ~ d ~ a t e ~  at t h e  (TI is calculated based 
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Table 3-3. Summary of Maximum Concentrations over Time (C,) 

Ac225 
Ac227 
Ac228 
Ag106 
Ag 108 
Agl08m 
Agl09m 
AgllO 
Agl10m 
Agll l  
Am24 1 
Am242 
Am242m 
Am243 
Am245 
Am246 
At217 
Ba136m 
Ba137m 
Ba140 
Be 10 
Bi210 
Bi211 
Bi212 
Bi213 
Bi214 
BE49 
BE50 
C 14 
Cd109 
Cdll3m 
Cdl15m 
Ce141 
Ce142 
Ce144 
ct249 
Cf250 
cf25 1 
Cf252 
Cm24 1 
Cm242 
cm243 
Cm244 
cm245 
Cm246 
cm247 

Constituent Maximum Concentration 
pCi/L or mg/L 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1.08E- 147 

8.96E-43 

3.53E-11 

4.63E-08 

4.1OE-214 

1.57E-43 
3.25E-60 
3.17E-29 
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Table B-3. Summary of Maximum Concentrations over Time (Cr) 

Constituent Maximum Concentration 
pCi/L or mg/L 

Cm248 1.31E-30 
Cm250 2.33E-58 
CO-57 O.OOE+OO 
Co-58 O.OOE+OO 
CO-60 O.OOE+OO 
Cr-5 1 O.OOE+OO 
Cs 132 O.OOE+OO 
Cs 134 O.OOE+OO 

Cs136 O.OOE+OO 
Cs 137 O.OOE+OO 
Er 169 O.OOE+OO 
Eu150 O.OOE+OO 
Eu152 O.OOE+OO 
Eu154 O.OOE+OO 
Eu155 O.OOE+OO 
Eu156 O.OOE+OO 
Fe-59 O.OOE+OO 
Fr22 1 O.OOE+OO 
Fr223 O.OOE+OO 

Gd153 O.OOE+OO 

Hf-181 O.OOE+OO 
Ho166m O.OOE+OO 

I131 O.OOE+OO 
In1 14 O.OOE+OO 
In1 14m O.OOE+OO 

In1 15m O.OOE+OO 

Cs135 1.37E-15 

Gd152 1.33E- 18 

H 3  2.15E-08 

I129 1.28E-0 1 

In1 15 3.OOE-25 

K-40 5.69E-03 
Kr8 1 5.75E- 10 
Kr85 2.27E-07 
La138 O.OOE+OO 
La140 O.OOE+OO 
Mn-54 O.OOE+OO 

Nb93m O.OOE+OO 

Nb95 O.OOE+OO 
Nb95m O.OOE+OO 

Nd147 O.OOE+OO 
Np235 O.OOE+OO 

Nb92 3.04E-23 

Nb94 1.1OE- 16 

Nd144 1.59E-14 

Np236 4.3OE-12 
Np237 1.38E-03 
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Table B-3. Summary of Maximum Concentrations over Time (G) 

Constituent Maximum Concentration 
pCi/L or mg/L 

Np238 O.OOE+OO 
Np239 O.OOE+OO 
Np240 O.OOE+OO 
Np240m 0.OOE+00 

Pa233 O.OOE+OO 
Pa234 O.OOE+OO 
Pa234m O.OOE+OO 
Pb209 O.OOE+OO 
Pb210 O.OOE+OO 
Pb211 O.OOE+OO 
Pb212 O.OOE+OO 
Pb214 O.OOE+OO 

Pm146 O.OOE+OO 
Pm147 O.OOE+OO 
Pm148 O.OOE+OO 
Pm148m O.OOE+OO 
Po210 O.OOE+OO 
Po21 1 O.OOE+OO 
Po2 12 O.OOE+OO 
Po2 13 O.OOE+OO 
Po2 14 O.OOE+OO 
Po2 15 O.OOE+OO 
Po216 O.OOE+OO 
Po2 18 O.OOE+OO 
Pr143 O.OOE+OO 
Pr 144 O.OOE+OO 
Pr144m O.OOE+OO 
Pu236 O.OOE+OO 
Pu237 0.00E+00 

Pa23 1 1.89E-26 

Pd 107 4.54E-06 

Pu238 1.05E-204 
Pu239 2.9OE-10 
Pu240 2.81E-16 
Pu24 1 O.OOE+OO 

Pu243 O.OOE+OO 

Pu246 O.OOE+OO 
Ra222 O.OOE+OO 
Ra223 O.OOE+OO 
Ra224 O.OOE+OO 
Ra225 O.OOE+OO 

Ra228 O.OOE+OO 
Rb86 O.OOE+OO 

Pu242 1.86E-09 

Pu244 1.23E-15 

Ra226 1 .OOE-25 

Rb87 9.21E-09 
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Table B-3. Summary of Maximum Concentrations over Time (C,) 

Constituent Maximum Concentration 
pCiL or mg/L 

Rh102 O.OOE+OO 
Rhl03m 
Rh106 
Rn218 
Rn219 
Rn220 
Rn222 
Ru103 
Ru106 
Sb124 
Sb125 
Sb126 
Sb126m 

Se 79 
Sm146 
Sm147 
Sm148 
Sm149 
Sm15 1 
Snl17m 
Snl19m 
Snl2lm 
Sn123 
Sn125 
Sn126 
Sr89 
sr90 
Tb160 
Tb161 
Tc 98 
Tc 99 
Te123 
Te123m 
Te125m 
Te127 
Te127m 
Te129 
Te129m 
Th226 
Th227 
Th228 
Th229 
Th230 
Th23 1 
Th232 
Th234 

SC-46 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.3OE-07 
2.06E- 14 
2.OOE-10 
4.92E- 17 
2.5OE-16 
1.24E- 199 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1.79E-08 

1.1 1E-08 
3.04E-0 1 
2.2OE-19 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.77E-23 
6.56E-09 
O.OOE+OO 

O.OOE+OO 
7.6OE-06 
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Table B-3. Summary of Maximum Concentrations over Time (G) 

Constituent 

T1207 
TI208 
T1209 
Tm170 
Tm171 
U230 
U232 
U233 
U234 
U235 
U236 
U237 
U238 
U240 
Xe127 
Xe129m 
Xel3lm 
Xe133 
Y90 
Y91 
Zn65 
zr93 
zr95 
1 , 1 , 1 -Trichloroethane 
l11,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,l-Dichloroethane 
1,l-Dichloroethene 
1,2,4-Trichlorobenzene 
1 ,2-Dichlorobenzene 
1,2-DichIoroethane 
1 ,2-Dichloroethene (total) 
1,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
1 ,4-Dioxane 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Butanone 
2-Chloronaphthalene 
2-Chlorophenol 
2-Hexanone 
2-Methylnaphthalene 

Maximum Concentration 
p C K  or mg/L 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.85E-77 
6.62E-09 
3.26E-03 
3.78E-04 
6.76E-04 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

6.69E-03 

1.75E- 16 1 

2.82E-14 

4.3E-27 
7.07E-75 
4.6E-27 
1.2E-33 
1 S7E-50 
4.93E-49 
O.OOE+OO 
9.24E-35 
1.62E-27 
4.93E-49 
1.95E-47 
1.7E-33 
7.7E-25 
2.49E-25 
4.1E-143 
0.00E+00 
3.5E-27 

6.4OE-35 
1.16E-34 
1.7E-27 

1 57e- 1 1 1 
4.1E-39 
3.23E-07 
3.24E-05 
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Table B-3. Summary of Maximum Concentrations over Time (CT) 

Constituent 

2-Methylphenol 
%-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Methyl Butanal 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methyl-2-Pentanone 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphth ylene 
Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Anthracene 
Aramite 

Aroclor-1254 

Aroclor- 1268 
Benzene 
Benzidine 
Benzo( a)anthracene 
B enzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo( k)fluoranthene 
Benzoic acid 
bis(2-Ch1oroethoxy)methane 
bis(2-Chloroethy1)ether 
bis(2-Chloroisopropy1)ether 
bis(2-Ethylhexy1)phthalate 
Butane,l,l,3,4-Tetrachloro- 
Butylbenzylphthalate 
Carbazole 
Carbon Disulfide 
Chlorobenzene 
Chloroethane 
Chloromethane 
Chry sene 

Ar~clor-1016 

Aroclor- 1260 

Maximum Concentration 
pCVL or mg/L 

7.76E-235 
3.26E-06 
1.18E- 162 
2.1E-49 

2.68E-08 
3.26E-06 
1.23E-174 
9.40E-09 
1.81E-06 
4.04E-06 
7.2OE-07 
1.12E-234 
1.45E-234 
3.26E-06 
O.OOE+OO 
O.OOE+OO 

O.OE+OO 
6.95E-8 1 

5.OE-35 
3.6E-108 
1 S4E- 136 
O.OOE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

9.46E- 1 1 

5.7E-25 

1.36E-06 
8.46E-33 
1.OE-33 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OE+OO 

O.OOE+OO 

1.13E-72 

2.05E-06 

3.2E-48 

3.5OE-08 
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Table B-3. Summary of Maximum Concentrations over Time (C,) 

Constituent Maximum Concentration 

Decane, 3,4-Dimethyl 
Diacetone alcohol 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethyl Disulfide 
Dimethylphthalate 
Di-n-butylphthalate 
Di-n-octylphthalate 
Eicosane 
Ethyl cyanide 
Ethylbenzene 
Famphur 
Fluoranthene 
Fluorene 
Heptadecane, 2,6,10,15-Tetra 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexac hloroc yclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Isobutyl alcohol 
Isophorone 
Isopropyl AlcohoY2-propanol 
Kepone 
Mesityl oxide 
Methyl Acetate 
Methylene Chloride 
Naphthalene 
Nitro benzene 
N-Nitroso-di-n- prop ylamine 
N-Nitrosodipheny lamine 
Octane,2,3,7-Trimethyl 
o-Toluenesul fonamide 
Pentachlorophenol 
Phenanthrene 
Phenol 
Phenol,2,6-Bis( 1,l-Dimethyl) 
p-Toluenesulfonamide 
Pyrene 
RDX 
Styrene 
Tetrachloroethene 
Toluene 
Tributylphosphate 
Trichloroethene 
Trinitrotoluene 

pCi/L or mg/L 
1.94E-08 
1.63E-232 
O.OOE+OO 
O.OE+OO 

2.75E- 127 
3.558-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.26E-09 
1.5E-72 
1.24E-76 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 

4.12E-07 

2.1E-49 

4.5E-105 

3.19E-234 
5.8 1E-08 
O.OE+OO 
1.6E-66 
1.06E-33 
2.70E-3 3 
2.35E-164 
1.94E-08 
6.07E-07 
4.6E-26 
3.83E-46 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

6.07E-07 

1 .O 1 E-79 
1.6E-30 

8.1 E- 190 
4.36E-05 
1.8E-20 
O.OE+OO 
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Table B-3. Summary of Maximum Concentrations over Time (C,) 

Constituent Maximum Concentration 
p C i  or mg/L 

Undecane,4,6-Dimethyl- 1.94E-08 
Xylene (ortho) 2.5E-53 
Xylene (total) 2.2E-50 
Aluminum 3.45E-04 
Antimony 4.82E-06 
Arsenic 3.57E-04 

1.48E-04 
Beryllium 1.40E-08 
Boron 1.17E-02 
Cadmium 2.96E-06 

Barium 

Calcium 1.29E+00 
Chloride 2.24E-04 
Chromium 3.40E-05 
Cobalt 4.99E-06 

2.47E-05 
Cyanide 4.04E-05 
Dysprosium 2.89E-06 
Fluoride 4.64E-04 
Iron 4.99E-04 
Lead 2.8 1E-06 
Magnesium 2.83E-0 1 
Manganese 1.7 1E-04 
Mercury 4.6 1E-07 
Molybdenum 3.02E-05 
Nickel 9.58E-07 
Nitrate 4.7 1E-04 

2.66E-05 
Nitrite 1.02E-06 
Phosphorus 6.16E-03 
Potassium 3.35E-03 
Selenium 6.99E-07 
Silver 4.8OE-07 
Sodium 1.03E-05 
Strontium 1 SOE-05 

2.46E-03 
9.1OE-02 

Terbium 2.79E-05 
Thallium 1.81E-08 
Vanadium 1.34E-03 
Ytterbium 4.63E-13 
Zinc 1.01E-05 
Zirconium 3.58E- 15 

Copper 

Nitratmitrite-N 

Sulfate 
Sulfide 
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Table B-5. Comparison of CT Maximum Values and MCL Limits 

Constituent C, Maximum Values MCL Is Maximum C, > MCL? 
pCi/L or mg/L pCi/L or mg/L 

l,l,l-Trichloroethane 4.3E-27 0.2 Yes 
1,1,2-Trichloroethane 4.6E-27 0.005 
1,2,4-Tric hlorobenzene 4.9E-49 0.07 
1,2-Dichloroethane 9.2E-35 0.005 
Aroclor-1016 O.OE+00 0.000125 
Aroclor- 1254 O.OE+OO 0.000125 
Aroclor- 1260 O.OE+OO 0.000125 
Aroclor- 1268 O.OE+OO 0.000125 
Benzene 5.7E-25 0.005 
Benzo(a)pyrene O.OE+OO 0.0002 
Chlorobenzene 3.2E-48 0.1 
Ethylbenzene 1 SE-72 0.7 
Hexachlorobenzene O.OE+OO 0.001 
Hexachloroc yclopentadiene O.OE+OO 0.05 
Pentachlorophenol 4.6E-26 0.001 
Styrene 1 .OE-79 0.1 
Toluene 8.1E- 190 1 
Xylene (total) 2.2E-50 10 
Antimony 4.8E-06 0.006 
Arsenic 3.6E-04 0.05 
Barium 1.5E-04 2 
Beryllium 1.4E-08 0.004 
Cadmium 3.OE-06 0.005 
chromium 3.4E-05 0.1 
Copper 2.5E-05 1.300 
Cyanide 4.OE-05 0.2 
Fluoride 4.6E-04 4 
Lead 2.8E-06 0.015 
Mercury 4.6E-07 0.002 
Nitrate 4.7E-04 44 
Nitrite 1 .OE-06 3 
Selenium 7.OE-07 0.05 
Thallium 1.8E-08 0.002 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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